Reconstitution in vitro of fungal NADPH-nitrate reductase by complementation of mutant proteins or by using acid-treated molybdoproteins to produce a molybdenum coordinating component to combine with a mutant protein product has been reviewed by Hewitt (1975). We now report formation of NADPH-nitrate reductase in uitro in higher-plant preparations of molybdenum component and apoprotein lacking molybdenum.
Reconstitution in vitro of fungal NADPH-nitrate reductase by complementation of mutant proteins or by using acid-treated molybdoproteins to produce a molybdenum coordinating component to combine with a mutant protein product has been reviewed by Hewitt (1975) . We now report formation of NADPH-nitrate reductase in uitro in higher-plant preparations of molybdenum component and apoprotein lacking molybdenum.
Spinach plants were grown in sand culture with a complete nitrate nutrient (Hewitt, 1966) . After 5 weeks leaves (50-100g) were macerated with 2.5ml of 0.1 wNaH2PO4/ Na2HP04/1 mM-EDTA extracting buffer (pH7.5)/g and centrifuged at 59000g.,. for 30min. Nitrate reductase in the supernatant was twice precipitated with (NH4),S04 at 50% saturation. The precipitate was dissolved in extracting buffer and a 2nd sample applied to a Sephadex G-100 column (1.5cm x 32cm) equilibrated with the same buffer. Fractions having nitrate reductase activity were pooled and stored at 4°C . Apoprotein was obtained by macerating (in 2ml of buffer) 1 g of leaves from plants grown with a molybdenum-deficient nutrient containing additional (NH.&sO4 ( 4 m~) (Notton et al., 1974) . The macerate was centrifuged as above and the supernatant used immediately. All above operations were at 04°C. Sucrose-density centrifugation was performed on an MSE Superspeed 75 and with a 3 x 6.5ml swing-out rotor at 16OOOOg (ruv. 7.1 cm) for 16h at 2°C through 5ml of a 5-20% sucrose gradient containing 1 0~~-FAD with a 50% sucrose cushion, or 20ml of the same gradient but with a 3x25ml aluminium swing-out rotor at 9 O O O O g (r.,. 9.4cm) for 36h where appropriate. Molecular-sieve chromatography of 12ml of apoprotein preparations utilized a Bio-Gel A 0.5m column (2.5cm x 1OOcm) equilibrated with extracting buffer containing 0.1 M-KCI. Nitrate reductase and cytochrome c reductase activities were determined as described by Wray & Filner (1970) .
Optimum conditions for reconstituting nitrate reductase involved gradual acidification of nitrate reductase preparations to pH2.5 with 1 M-HCI followed after 3-5min by restoring the solution to pH7.0, separating the resultant precipitate by centrifugation and resuspending in 0.1 M-sodium phosphate buffer, pH6.2. This suspension, providing an excess of the molybdenum component, was mixed with an equal volume of apoprotein preparation and preincubated for 4Omin at 20°C before commencement of the enzyme assay. Minimal initial loss and maximal stability of the component depended on the pH of restoration (Fig. 1 ). Half-lives at 4°C after the initial rapid loss were 69min at pH7.0 and 15min at pH2.5.
After reconstitution, nitrate reductase was submitted to sucrose-density centrifugation in 5ml tubes. Fractions were assayed for cytochrome c reductase activity and compared with untreated apoprotein as control. Acid-treated nitrate reductase had neither residual cytochrome c reductase nor nitrate reductase activities. Results (Fig. 2) show that after reconstitution there was an increase in the heavy (8 S) cytochrome c reductase area (Wray & Filner, 1970) , where nitrate reductase appeared and is normally A nitrate reductase preparation was acidified at pH2.5 and either left unchanged (A) or readjusted back to pH6.0 (A) or 7.0 (0) or 8.0 (0). The pH2.5 solution or centrifuged precipitates resulting from readjustment of pH were stored at 4°C for periods of time up to 120min before restoration of pH to 6.2 and reconstitution of nitrate reductase with apoprotein as described in the text. The insert shows log (% reconstituted activity) plotted against time.
found, and a corresponding decrease in the lighter (4s) cytochrome c reductase area. Although the lighter protein appeared to provide the reactive species, it was possible that the heavy protein also reacted or was stabilized after reconstitution relative to the lighter protein.
Proteins of the light and the heavy regions were separated preparatively either on Bio-Gel A 0.5m or centrifugally in sucrose in the larger rotor. Fractions were selected from just below the lighter peak and just beyond the heavier peak for maximal differentiation, and reconstituted as before. In both experiments nitrate reductase was produced from both fractions. The capacity of the light and the heavy proteins for reconstitution was in a ratio of between 1.2 and 1.3: 1 in spite of a twofold difference between the experiments in the initial proportions of the light and the heavy cytochrome c reductases. The nominal yield of nitrate reductase per unit of either cytochrome c reductase was almost threefold greater for the Bio-Gel experiment.
Plants were grown without added molybdenum, with or without 1 pwtungsten and with either nitrate alone or nitrate and (NH&S04. Nitrate reductase activity from plants grown with NH4+ increased 3.3-fold with and 2.6-fold without tungsten after reconstitution. Without NH4+, activity was increased 4.5-fold only from plants grown with tungsten. Cytochrome c reductase activity was abundant in plants from all four treatments, but reconstitution did not occur unless either NH4+, which by-passes requirements for molybdenum (Notton et al., 1974) , or tungsten, which substitutes for molybdenum (Notton & Hewitt, 1971) , was provided. This result is consistent with weak serological cross-reaction obtained when both were absent (Notton et al., 1974) . Reconstitution occurred when plants exposed to air temperatures below 36°C but not above 42°C were used, whereas cytochrome c reductase activity persisted. Heating extracts at 35°C destroyed ability to reconstitute faster than loss of cytochrome c reductase, indicating some differential lability.
Reconstitution was used to estimate the amount of apoprotein present in a molybdenum-deficient N&+-supplemented plant by mixing an extract with excess of the molybdenum component and comparing the reconstituted activity with that of the pre-acidified activity. Reconstituted activity was 79nmol of NOz-/min per g fresh weight compared with 320nmol of NOz-/min per g fresh weight originally, indicating an apoprotein content of 25 % of the normal plant enzyme. Cytochrome c reductase activity of the apoprotein extract was 36 % of that in the preacidified nitrate reductase preparation. These values compare favourably with 24 % apoprotein estimated from inhibitor studies and 36% total cross-reacting material estimated serologically (Notton et al., 1974) .
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